Introduction
Personality is related to a person's behavior as an outer appearance as well as to inner-psychic processes such as thoughts [1] . The domain of temperament has been described as 'a subset of the more general area of personality' [ 2 , p. 108] . Thus, it is nearly impossible to strictly distinguish temperament from adult personality [3] as personality 'grows out' of temperament. Within the last decades, behavior-genetic research provided evidence that temperament and personality are influenced by both genetic and environmental factors [ 4 , table III] . However, behavior-genetic studies only provide information about the relative influence of all genes as opposed to the environment and do not reveal which genes are involved in specific behaviors.
In 1996, 2 publications in Nature Genetics first reported the discovery of an association between the DRD4 variable number tandem repeat (VNTR) polymorphism in the exon III 7-repeat allele and the personality trait novelty seeking measured with the Tridimensional Per-Dopamine D4 Receptor Gene, Adverse Life Events and Personality Neuropsychobiology 2011;63:52-58 53 sonality Questionnaire as well as high extraversion and low conscientiousness as measured with the NEO FiveFactor Inventory [5, 6 ] . An extensive number of studies followed trying to confirm these findings differing in methods as well as in sample size, sex, ethnicity and age of the participants [ 7 , table III] . The results, however, were very inconsistent [8] [9] [10] [11] [12] .
Kluger et al. [13] conducted a meta-analysis of 20 studies on the association between the DRD4 VNTR polymorphism and novelty seeking. The authors concluded that, on average, there was no relationship and invited researchers to search for moderators and potential interactions with other variables, such as environmental stressors. Thus, the lack of studying environmental stressors may be one reason among others that previous findings have given such diverse answers to the question at hand, i.e. how the DRD4 7-repeat allele is associated with personality. In fact, recent studies have reported gene-environment interactions that shape behavior and personality development, conceptualizing environmental variables as risk factors such as insensitive parenting, stress and exposure to trauma [14, 15 , for review see 16] . Two further meta-analyses on DRD4 polymorphisms in relation to novelty seeking lead to contradicting results: Schinka et al. [17] provided evidence for a small effect of the DRD4 VNTR 'long alleles' on novelty seeking, while a recent meta-analysis by Munafò et al. [18] suggested that there is no systematic association between the DRD4 VNTR polymorphism and approach-related traits. Researchers agree that the heterogeneity in earlier findings might be due to the fact that studies differ in methodology, sample size and sex [13, [18] [19] [20] [21] [22] [23] .
Hitherto, the relationship between the DRD4 7-repeat allele and novelty seeking as well as related traits remains unclear. Therefore, the present study aims to further elucidate the relationship between DRD4 VNTR polymorphism and personality traits in a representative German sample of nonclinical males and females. In order to increase the construct validity, we chose 3 different methods to assess personality. Moreover, considering possible environmental stressors influencing personality, we included the assessment of adverse life events to explore potential gene-environment interactions.
Materials and Methods

Sample
The participants were (pairs of) parents of children being involved in the Regensburg Longitudinal Study IV. This is an ongoing study that started in 1993. Contact information from the initial total sample of n = 106 families was gained from the civil registry office of Regensburg in order to recruit parents of children born between March and September 1992. Study participation was voluntary and based on written consent forms. In the last waves of data collection in 2005, 87 mothers and 80 fathers aged 32-61 years (M = 42.8, SD = 4.9) from the initial 106 families participated. All participants were German citizens. Females were significantly younger in the study than men, t(144.9) = 4.05, p = 0.00. The majority of the study participants had lower secondary or secondary education (67.5%), were working full-or part-time (84.2%) and were married (83.3%). The distribution of major sociodemographic markers demonstrates reasonable representativeness for Germany.
Assessment of Adverse Life Events
Adverse life events were assessed by means of the Adverse Life Events Scale. Inspired by items of the 'life history calendar' [24] , the Adverse Life Events Scale is a 19-item procedure to assess adverse life events relating to partnership, family, work and health. It took about 15 min to administer. The subjects were asked whether and when the respective adverse event had occurred (e.g. major health problems, divorce and layoff). One subject was not interviewed. The measure for adverse life events was calculated as the sum of identified events with a possible range between 0 and 19.
Personality Assessment
Personality was assessed by means of 3 different self-report instruments to ensure construct validity.
-The German self-report version of the NEO Five-Factor Inventory adapted by Borkenau and Ostendorf [25] is a 60-item questionnaire for the measurement of the big 5 personality dimensions openness, conscientiousness, extraversion, agreeableness and neuroticism. Each dimension is represented by 12 items and to be rated along a 5-point Likert scale reaching from 'strongly agree' to 'strongly disagree'. -A German translation of Block's [26] California Adult Q-Set was used to assess the dimensions ego-control and ego-resiliency [27] . The participants were asked to describe themselves by sorting 100 statements about personality and social characteristics into a fixed quasinormal distribution. Correlations between an individual's personality description and pre-existing, conceptual prototypes [28] indicate the similarity degree between the individual and the prototype. -The German version of Cloninger's Tridimensional Personality Questionnaire [29] is a 98-item questionnaire for the measurement of Cloninger's 3 temperament dimensions novelty seeking, harm avoidance and reward dependence. The items are rated on a dichotomy scale (yes-no format).
Genotyping
Genotyping was performed without knowledge of phenotype information. Gene analyses were conducted by Dr. Monika Johann at the Institute of Psychiatry at the University of Regensburg, Germany. Genomic DNA was collected and isolated from buccal swabs using published procedures [30] . One subject could not be genotyped.
DNA samples were processed in an Eppendorf Mastercycler gradient PCR system (Eppendorf, Hamburg, Germany). After an initial 5-min denaturation at 95 ° C, the protocol comprised 40 cycles of 45 s at 95 ° C, 45 s at 65 ° C touch-down and 90 s at 72 ° C plus a final elongation step of 7 min at 72 ° C. For exon III 48-bp VNTR polymorphism in DRD4 the primers were as follows: 5 -GCG ACT ACG TGG TCT ACT CG-3 and 5 -AGG ACC CTC ATG GCC TTG-3 . The PCR cycling conditions were 15 min at 95 ° C followed by 35 cycles of 45 s at 95 ° C (denaturation), 30 s at 50 ° C (annealing) and 30 s at 72 ° C (elongation) with a final extension for 7 min at 72 ° C using a Multicycler PTC 200 gradient machine (Biozym Diagnostik, Germany). PCR products were separated by 2.0% agarose gel electrophoresis and stained with ethidium bromide for UV visualization. The PCR reaction yielded distinct bands at 380 bp (2 repeats), 428 bp (3 repeats), 476 bp (4 repeats), 524 bp (5 repeats), 572 bp (6 repeats), 620 bp (7 repeats), 668 bp (8 repeats), 716 bp (9 repeats) and 784 bp (10 repeats) [31] .
The main genotypes (2/2, 2/4, 2/7, 4/4, 4/7, 7/7 and others) were in Hardy-Weinberg equilibrium 2 (9, n = 166) = 6.84, nonsignificant.
The DRD4 genotypes were grouped on the basis of the presence (in the following also indicated by DRD4.7+) versus the absence (in the following also indicated by DRD4.7-) of the 7-repeat allele. To facilitate the comparison with previous reports, DRD4.7+ versus DRD4.7-grouping was preferred to the short versus long allele dichotomization. Also, Wang et al. [32] cautioned against the short versus long grouping due to the nonlinear nature of the binding properties of alleles of different length.
Statistical Analysis
In order to test influences of DRD4 genotypes and adverse life events on personality, a multivariate analysis of variance was conducted in the first step followed by univariate analyses of variance investigating tendency and significant effects in a second step. Effect sizes were indicated by using 2 . Duncan's multiple-group comparison tests were used for post hoc testing. A 2-sided p value ^ 0.05 was considered as statistically significant. ␣ errors 1 5% up to a maximum of p = 0.10 were reported as tendencies. Additionally, post hoc power analyses using G * Power software [33] were performed. The statistical power ranged from 0.74-0.96. Power values ! 0.74 are reported.
Results
Factor Analysis A total of 10 personality scales resulted from the 3 personality procedures. Factor analysis was conducted across these scales for 2 reasons: (a) to uncover dimensions of personality as measured with 3 different instruments, and (b) to reduce the fairly large number of scales and to avoid multiple comparisons in consequence of multiple personality variables. Factor analysis (principal component analysis, Varimax rotation with Kaiser normalization, eigenvalue 1 1) revealed a 3-factor structure.
The first factor, 'emotional stability', mainly captures aspects of low anxiety and depression due to highly negative loadings on harm avoidance (-0.88) and neuroticism (-0.87) and high positive loadings on ego-resiliency (0.82) and extraversion (0.61). Subjects with high factor values generally remain stable in times of stress, tend to stay calm and objective when facing challenging or upsetting situations and are less affected by mood variations. Emotionally instable subjects, however, tend to have a general anxious and distrustful attitude towards the environment and towards themselves.
The second factor, 'social orientation', primarily includes the dimensions reward dependence (0.85), agreeableness (0.71) and openness (0.55). These personality dimensions describe a tendency to react sensitively to signals of the social environment and to align with them. Subjects with high values on 'social orientation' tend to avoid conflicts and are rather communicative and guided by social interactions. Contrary, subjects with low values on 'social orientation' prefer to be alone; it is easier for them to make decisions independently from environmental judgments.
The third factor, 'impulsivity', comprises high loadings on novelty seeking (0.89) and low ego-control (0.75). Both dimensions reflect the direct expression of impulses, motivations and affects. Furthermore, factor 3 is characterized by a low degree of conscientiousness (-0.62), a construct that involves low impulsivity as well as lowtempered and orderly behavior. Subjects with high values on 'impulsivity' tend to act spontaneously and with less consideration than others. They are predisposed to rapid reactions to internal or external stimuli.
Descriptive Statistics and Preliminary Analyses
The frequency of adverse life events ranged from 1 to 13 (M = 5.8, SD = 2.4). A sex comparison by analysis of variance revealed an effect for sex which, however, only approached significance, F(1, 164) = 3.34, p = 0.07, 2 = 0.02, power = 0.45. The findings indicate that men (M = 6.1, SD = 2.3) experienced more adverse life events than women (M = 5.5, SD = 2.5). There was no significant correlation between adverse life events and age. For further analyses, the Adverse Life Events Scale was split at the median into 2 groups of subjects with a low or high frequency of adverse life events (1-5/n = 88 and 6-13/n = 78, respectively).
The values for the 3 personality factors were output as regression scores with a mean of 0 and SD of 1 for all 3 personality factors in the total sample. Regarding sex differences, univariate comparisons showed that the subjects differed significantly on emotional stability, F(1, 165) = 5.95, p = 0.02, 2 = 0.04, and social orientation, F(1, 165) = 14.76, p = 0.00, 2 = 0.08, but not on impulsivity. . Correlation analyses revealed no significant associations between age and emotional stability, or age and social orientation. However, impulsivity showed significant relations with age, r(167) = -0.19, p = 0.01, with older subjects being less impulsive. As a consequence of the associations between personality measures with sex and age, age was considered as a covariate in all following analyses of variance including impulsivity, and sex was considered as an additional independent variable in all following analyses. Main effects for sex on personality will not be repeatedly reported. Regarding genotypes, there were 52 subjects (31.3%) with the DRD4.7+ genotype and 114 (68.7%) with the DRD4.7-genotype. The DRD4 genotype distributions differed significantly with respect to sex, with more women carrying the 7-repeat allele, 2 (1, n = 166) = 5.11, p = 0.02.
As the present sample consisted of marital couples (mothers and fathers of children from the Regensburg Longitudinal Study IV), a potential influence of assortative mating regarding personality was tested. There was no significant correspondence between partners' personality. Also, there were no associations between DRD4 genotype (7+/7-) and the frequency of adverse life events.
Prediction of Personality by DRD4 and Adverse Life Events
In the first step and in order to avoid a high number of testing and ␣ -inflation, an overall multivariate analysis of variance was conducted entering emotional stability, social orientation and impulsivity as dependent variables and sex (male/female) ! DRD4 genotype (7+/7-) ! adverse life events (low/high) as independent variables. A highly significant main effect for sex, F(3, 155) = 5.72, p = 0.00, 2 = 0.10, and for adverse life events, F(3, 155) = 3.46, p = 0.02, 2 = 0.06, on personality was found. Moreover, the multivariate analysis of variance yielded a tendency to 2-way interaction between DRD4 and sex, F(3, 155) = 2.16, p = 0.09, 2 = 0.04, as well as a tendency to 3-way interaction effect between adverse life events, DRD4 genotype and sex, F(3, 155) = 2.25, p = 0.08, 2 = 0.04, regarding personality.
In the second step and in order to test the predictability of personality by DRD4 genotypes and adverse life events more specifically, a sex (male/female) ! DRD4 genotype (7+/7-) ! adverse life events (low/high) analysis of variance was conducted separately for each of the 3 personality factors. While there were no effects for social orientation, significant effects were found for impulsivity and emotional stability. Table 1 presents means and SD for the 3 personality factors with respect to the DRD4 genotype in the total sample as well as separately for males and females.
Regarding impulsivity there was a significant main effect for adverse life events, F(1, 156) = 6.11, p = 0.01, 2 = 0.04, and a 2-way interaction between DRD4 and sex, F(1, 162) = 4.44, p = 0.04, 2 = 0.03, power = 0.61. Subjects with a high frequency of adverse life events were found to be more impulsive (M = 0.21, SD = 0.98) than those who experienced less adverse life events (M = -0.19, SD = 0.99). Duncan post hoc comparisons regarding the interaction between DRD4 and sex revealed that a genetic influence on impulsivity was only given for male subjects. While there were no relations between DRD4 and impulsivity in female subjects, men carrying the 7-repeat allele were significantly more impulsive than those without it (Duncan, p ^ 0.05; see table 1 ).
Regarding emotional stability there was a significant 3-way interaction between adverse life events, DRD4 genotype and sex, F(1, 157) = 4.93, p = 0.03, 2 = 0.03, power = 0.61. As demonstrated in figure 1 , men carrying the DRD4 7-repeat allele showed a low emotional stability, but only when they had experienced a large amount of adverse life events (Duncan post hoc tests).
Discussion
The investigation of the relationship between the DRD4 gene and personality brought out important sexspecific findings: while no associations between personality and genotypes were found in females, the DRD4 7-repeat allele was related to impulsivity in men. Additionally, male subjects who carried the DRD4 7-repeat allele were less emotionally stable than those without it when having experienced high occurrence of adverse life events. Independent of sex, high occurrence of adverse life events was associated with higher impulsivity. The following subsections discuss these results in detail.
Our findings confirm previously reported associations between high impulsivity (and related traits) and the presence of the DRD4 7-repeat allele in male but not in female subjects [34, 35] . Based on the assumption that higher dopaminergic stimulation in specific brain areas is associated with impulsive behavior [36, 37] , the relation between DRD4 7-repeat and impulsivity is consistent with current theoretical concepts of the regulation of the DRD4 gene and dopamine transmission in the brain. Yet, this association was not found in female subjects, although the 2 sexes did not differ in their mean level of impulsivity. Possibly, dopamine -the neurotransmitter influenced by the DRD4 gene -might work differently in male than in female brains, which may lead to sex-specific phenotypical outcomes. Dewing et al. [38] identified a specific gene on the Y chromosome that has a sex-specific effect on dopamine-secreting neurons. Also, several studies have shown that the distribution of dopamine in the brain has been linked to sex differences in the regulation of gonadotropic hormones [e.g. 39 ]. Interestingly, the DRD4 7-repeat genotype could be identified as a risk factor for emotional instability, again only in men. Compared to men without the 7-repeat allele -who appear to be rather unaffected by high occurrence of adverse life events -those with the 7-repeat allele dropped significantly in their emotional stability when having experienced a large amount of negative life events. Previously, the DRD4 gene had also been associated with mood disorders in clinical samples [40, 41] . In line with the proposal of Caspi et al. [42] of gene-environment interplay in the development of psychopathology, our findings suggest that carrying the 7-repeat allele might be, especially in combination with negative life events, a risk factor for the development of emotion-related disorders such as depression.
Finally, independent of sex, high occurrence of adverse life events was associated with higher impulsivity. This relation had previously been found in a drug addiction sample [43] . Other studies suggest that impulsivity is associated with risk-taking behavior, higher divorce rate and unhealthy behavior [44, 45] . Empirically and theoretically, extremely high 'impulsivity' and related personality concepts have been linked with a greater risk for drug abuse, perilous behavior and personality disorders [e.g. 45, 46 ] .
Our findings confirm these previously reported associations and suggest that impulsive behavior might lead to a higher involvement in negative life events across different areas.
Several strengths and limitations of the present study need to be acknowledged. One of the strengths is that we used a sample of white European males and females only instead of a heterogenic sample regarding ethnicity. Our sample was representative and corresponded to the socioeconomic status of a nonclinical German population. Unlike in many studies investigating genetic markers and psychological variables [e.g. 6, 47 ], our sample did not consist of students recruited from universities. However, our study is limited because of its relatively small sample size and replication is needed in a larger sample.
Another advantage of the present study is that it does not rely on only 1 measurement but assessed personality with 3 different well-known instruments with various theoretical backgrounds. Moreover, the combination of Q-Sort and questionnaire data additionally increased the construct validity. Furthermore, in order to consider possible environmental stressors influencing personality, we included the assessment of adverse life events to explore potential gene-environment interactions regarding the association between the DRD4 7+/-genotypes and personality. With the purpose of investigating environmental influences on gene-personality associations more extensively, the nature and age in which the life events occurred should be taken into account in future studies. The correlational design of the present study has implications for the interpretation of causal relationships. Longitudinal studies are needed to further establish causal relations between personality, genetic markers and adverse life events.
The results of our study suggest sex-specific influences of DRD4 on personality. In order to elucidate sex differences in functional significance between the DRD4 gene and personality on the dopamine system, more research is needed that includes brain imaging techniques and possible other psychobiological influence variables such as gonadal hormones. Finally, bearing in mind that genetic studies and single association studies in particular underlie the high risk to report false-positive findings [48] , our results must be interpreted with caution. Thus, it is not permissible to propose the DRD4 as a 'gene for impulsivity'. Generally, it is strongly recommended to give up on such statements, as most traits and disorders are multifactorial and can only be fully understood in the interplay of multiple genes, proteins and environmental factors.
